In cooperation with the Bureau of Land Management

Erosion Resistance and Dust Emission on the Milford Flat Fire --
Worsen Wind Erosion?

Can ESR Treatments Sometimes

Introduction

A major objective of post-fire Emergency Stabilization & Rehabilitation
(BESE) treatments is to enhance erosion resistance and stabilize bumed
argas through the establishment of vegetation. Y et because mechanical
treatments such as chaining and seeding with rangeland dnlls disturb
soils for purposes of seed burial, E SR treatments also can have adverse
impacts on soil stability. Treatment impacts on soil stability and erosion
resistance generally are assumed to represent short4erm trade -0ffs that
are necessary for achigsng long term stabilization. Y et post4matment
monitonng efforts are rarelsy designed specifically to measure erosion
resistance or soil movement, and there 15 no published research that
EZaminegs treatment effectrveness in reducing rates of wind erosion and
dust emission. To address this need for information, the 115 Geological
ey (LhaCes) and the Bureau of Land Management (ELI ) are
collaborating on aproject to monitor effects of ESR treatments on
erosion resistance and dust emission in a portion of the Milford Flat Fire
in west-central Utah, This project examines the effectiveness of ESk
treatments in relation to treatment type, soil properties, and lan dscape
seEtting.

Figure 1. Conceptual diagram illustrating relative effects of fire and
tnechanical ESE. treatiments on attributes related to erosion resist ance.

Study Area -- Milford Flat Fire

The Milford Flat Fire burned 147,000 ha (363,000
ac Jin the gastern Great Basin in July 2007 and was
the largest swaldfire in Ultah history. Within the fire
petmeter, elevation ranges from 1390 t0 2775 m
and mean annual precipitation (MAP) ranges from
230 mm to 590 mm. Dust monitoring plots are
located 1in the northwestern section of the bum
where field observations and satellite imagerny
detected high levels of dust emissions during spring
2008 (Fig. 2) In this region of the bum, elevaton 15
1415-1500 tm and MAP is 250290 mm. Soils are
denved from Flelstocene-aged lacustnne sediments
and dune sands associated with Lake Bonnealle,
with silty clay loam (lacustring sediments) and fine
san by (dune sands)surface textures. Cn fine-

grained lacustnne sediments, untumed wveg etation
15 dominated tey shadscale (Afplex confertifofia) and gravy molly (Bassia amertcana ) wath well-devel oped biological crusts (Fig. 3a) Dune

sands are dominated bey four-sang saltbush (Afriplex cangscens), Mormon tea (Ephsdra sp. ), and perennial grasses including Indian ncegrass
LSt Rymens ides), needle-and-thread (3. comata ), and western wheatgrass (Elvmus smithii)

""'-h_k Dust plume emitted from point
- source within perimeter.of the
Milford Flal Fire on 41508
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central UTtah, and (b) s atellite 1mage showing a dust
plume emitted from within the fire perimeter while
ESE treatments were being conducted in April 2008,

Study Design

Twenty-four monitoring plots were established i August 2008 to examineg attributes of erosion resistance and seasonal patterns of dust emission
in relation to three factors --

1. substrate
- Finegrained lacustrine sediments
-Dune sands
2. Burn status
- Unburned
- Burned
3. Tvpe of ESRE freatment
- Untreated
- Aerial seeding + ERs chain
- Eangeland dnll
- Platean herbicide 4+ rangeland dnll
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Figure 3. Unbumed salt desert scrub (@) dominated by shadscale and biclogical soil crust on fine-grained
lacustrine sedunents, and (b) burtied areas treated wath a rangel and dnll

Field Methods

=01l and wvegetation attributes related to erosion resistance are measured annuoally
(Jul-Ang 2008 20107 using sampling techniques recommended for monitoring
postfire ESR treatments (Herrick et al. 2005, Wirth and Pyee 2008) Sampling
occurs along three 504m transects oriented as spokes radiating from the center of
the plot. Attributes and sampling techniques include --

BSNE Dust Sampler

Ctound cover and foliar cover bey species (line-point intercept technigque),
Cvaps between plant canopies (line-ntemcept technique’,

a0l aggregate stability (field slake test), and

a1l surface roughness (chain method,; Saleh 1993

Dst emissions are monitored with ESINE dust samplers mounted on a metal
pole at the center of each plot at 15, 50, and 100 cm heights abosve the soil
sutface (Fig. 4, Frvear 19860 Dust samples are coll ected three times per wear (1
Jul, 1 MNoey, and 1 Mar) to coincide ssath collection dates for other dust-

monitonng efforts in the region.

httpffwww fryreardustsampiers com/bsne himi

Figure 4. B3MNE dust sampler used for monitoring dust emissions.
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Figure 2. Location (&) of the Milford Flat Fire in west-

Results

Erosion Resistance

Data collected i August
2008 (one vear post£ire)
indicate that plots in treated
areas werns 1east resistant to
wind erosion relatrve to plots
in unburned argas and in
burned areas that did not
recerve ESR treatments.
Anserage bare ground was
46.4% 1in unbumed plots,

G, F% in bumed plots that
wiere notf treated, and 85 5%
in burned plots that receiwed
ESE treatments (Fig. 5a).

Cn finegrained lacustnne
s&diments, bumed plots
recering EosR treatments
had soil aggregate stability
values that were significantly
lower than wvalugs in
unbumed plots and in burned
plots that were not treated
(Fig. 5b). Gaps between
plant canopies also were
largest in plots that recered
Bk treatments relative to
unbumed plots and bumed
plots that did not recelrve
Eok treatments (Fig. &)

Horizontal Dust Flux
Dunng the Ang-Cct 2003
period, rates of wind-dmven
s01l movement (honzontal
dust flux) at 15 cm above
the so1l surface “vared over
three orders of magnitide
and Wwere greatest in plots
that recetved EaR

tre atments, WwWere in exposed
landscape sethings, and had
so1ls th at were highls
susceptible to wand erosion
(silty clay 1oam lake

56 diments with awvenger of
fine sand) Fluzeswere 62
-93 52 m# davlin
unbumed plots, 8.3 -579.1
g m* davlin
burnedintreated plots, and
17.6-19,800.4 g m? day?
in burned plots that
received BEok treatments
(Fig. &3 DMlazimum dust
fluzes in plots that recerved
Eok treatments wiere 2.0 -
5.8 times greater than
maximum fluxes (approx.
3400 g me dasl)
documented dunng nine
wears of moniforing at 1oes-
elensation sites on the
Colorado Flatean (Belnap
et al., subrmitted).
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Figure 5. (a) Percent bare ground (means +95% CIand (b)) zodl
agaregate stability (tmeans + 1 5E) in Angust 2008 in unbumed plots,
burned f untreated plots, and plots receiving BESE treatiments, MMeans
annotated with the zame letter are not significantly different.

15-cm Dust Flux, Aug-Oct 08
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Figure 8 Honzontal dust fluxes at 13 om dunng the perod Ang-Oct
2008 in relation to landscape setting (protected or exposed),
substrate, and treatment type funburned; burned but undreated; and
chained, dnlled, or sprayed and dnlled). (Data from upper panel are
included in lower panel -- note difference in scaling of v-axesz )

Canopy Gaps, Aug 08
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Figure 6. Percent of total transect length in size classes

of canopy gaps in unburned plots, burned [/ untreated

plots, and plots that received ESE treatments.
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Figure 7. A canopy gap (from Hemicle
et al. 2003,

Figure O Map of plot locations in study area at northern
end of the Milford Flat Fire, with plot symbals (red points)
scaled by Ang-Oct 08 dust fluses at 15 o WNote that

symbols are praduated, not proporiional. See Fig 8 for

actual flux wvaues.

Discussion

Wind Erosion -- Controlling Fac tors Beyond Management Control
mevveral factors bevond management control contnbute to the high potential for
wind erosion in the study arga.

+ Highly Susceptible Soils: Dune sands provaide an abundant source of salfzfng
sotl particles that sand biast ing-graingd nkhe sadiments, causing them to
become suspended and transported far downssand (Olan et al. 2006,

+ Arid Climate: The studyy area 15 arid (Fig. 2a), thus mesulting in a low
probability of plant establishment in response to ESR treatments.

+ Highly Exposed Landscape Setfing: The arcais situated on a basin floor
with avervyhigh degree of wind exposurs and wind comidors created by
topographic features. (Aeral photographs illustrate the dominance of eolian
lan dforms, and a wind farm is under construction south of the study area. )

Figure 10 (&) Zwath of well-developed biological zoil crust between
furtces created by a rangeland drill, and (b} a dust plume anzing from
a burned area treated with herbicide and a rangeland dnll

Eftects of Fire and ESR Treatments on Erosion Resistance and Dust Emission

In settings such as the study area where there 15 anaturally high potential for swiand erosion, 1t 15 especially impottant for decision makets to
crifically evvaluate relatve impacts of fire and ESE treatments on erosion resistance. Data collected one vear post-fire strongly suggest that ESR
trea brients thus far have had greater adverse impacts on grosion resistance fian fie firve iteglf  This 15 primanly due to treatment impacts on soil
erodibility (destabilization of soils through disturbance of intact biological crusts, and alignment of drll furrows swith pressatling swands), and
secondarily due to treatment impacts on wegetation structure (suppression of annual plants). Where such impacts of ESR treatments coincided
with highlv exposed landscape setiings and highly susceptible soils (finegrained lacustrineg sediments with avveneer of fing sand), it 15 probable
that treatments themselves greatly contnbuted to the high dust emissions detected by satellite imagery (Fig. 2band documented during the first
penod of dust sampling (Fig. 8). These dust emissions have the potential to impact air quality, the doration of mountain snowcover (Painter et al,
20070, and alpine ecosystems (INeff et al. 2008 ) far downwind of the study area.

How do we Assess Risks of Post-Fire Treatment Strategies? Lol ortn S g e i b

Fecent advances in ersion modeling have the potential to improse g

managers’ ability to esvaluate the relative importance of vegetation structure

and soil-surface properties as dvnamic controls of wind emsion in different  § (" Bialogical crusts
lan dscape seftings (Okin et al. 2006, Clkin 2008). Such information can be § s A it
usedto enhance decision makers' ability to assess relative disks of different = erodibility | Soll moisture
management strategies, whether in relation to fire or oth er 1ssues. = Lhm:;jm
Motrrated in part by this research, Figure 11 presents a conceptual model

illustrating the interactive effects of wegetation structure (scaled canopsy __,.--"'_ e

gaps) andsoil erodibility on wand erosion. Curves illustrate the sensitiiaty ;1 %

of wind erosion to changes in soil erodibilityy for a fized configuration of Smiall Scaled canopy gaps Large

(gap size [ plant helght)

wvegetation structure (e.g., X, in Fig. 11a) MNotably, the model sugg ests that
a5 gap S1ZE5 increase (.g., as plants become smaller and spaced farth er

_ _ _ _ _ b. Relative effects of fire and ESR treatments on

apatt}y there 15 a levvel (2,) bevond which wiand erosion becomes relatrvely wind erosion, based on data collected for this project
insensitive towegetation structure and 15 almost entirely controlled by soil-

: . s , High
sutface properties that determine erodibality.  This has tremendous T ittt
implications for management of and landscapes swath naturallsy lows amounts |
of veg etatrve cover (6.8, Fig. 3a) |

Soil

These concepts can be applied to illustrate relative effects of fire and ESR Trascmant

treatments on wiand erosion in the study area (Fig. 11k Aildfire reduced
wegetation structure but had 1esser direct impact on soil erodibility (8 g,
Fig. 5b), resulting in a slight increase in wind erosion (shift from 1 to 2 in
the diagram). ESE treatments further reduced wegetation stmacture (in short Fire |
term ), but had relatvely larg e impacts on soil erodibility -- resulfing in a
large increase inwind emosion (shift from 2 to 3in the diagram )

Wind erosion

£ eradibility
g

L ow

Small Scaled canopy gaps Large
(gap size ! plant height)

Figure 11. () Conceptual model illustrating interactive effects of

Take-Home Points

« DMonitoring 15 rarelsy? conducted to evaluate effects of postfire ESR
treatments on erosion resistance and dust emission.

+ Diatacollected thus far suggest that ESR treatments in the study area
had greater adverse itmpacts on erosion resistance and dust emission
than the fire itself.

« DManagers need better tools for assessing relatve risks of different post-fire manag ement strategies, particularly in and landscapes whers
climatic condiions gre atly [imit plant establishment and the effectveness of post-fire ESR treatments.

erosion in the study area (motivated by Olan 2008 and Okin et al. 20067,
=ee text for explanation.
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